At the University of Arizona, we have a major effort to study core-collapse supernovae, neutrino opacities and transfer, multi-dimensional radiation hydrodynamics, pulsar kicks, and gravitational radiation from supernovae. We have developed a precision 1D (spherical) multigroup implicit Boltzmann solver, SESAME 1 [1, 2], using the Feautrier technique, with the tangent-ray method to achieve excellent angular resolution. This code provides the spherical benchmark and testbed for our multi-D efforts (e.g., VULCAN/2D, see below).
shock enabled, τ adv can be larger than τ H . The swirling motions keep the matter in the gain region longer, increasing τ adv . As a result, the 2D calculations of BHF and Herant et al., without rotation, led to explosions. Note that if matter did not settle onto the core at all, or if the cooling rates near the neutrinospheres interior to the gain region were low, explosion by neutrino heating would naturally, and trivially, result. We know how to obtain explosions. The question is whether Nature agrees.
Importantly, the results of BHF and Herant et al. were obtained using simple neutrino transfer and transport algorithms. Though they may have been substantially correct, it is thought that better calculations of the neutrino-matter coupling, particularly in the semitransparent gain region, are required to falsify and/or check the convective neutrino-driven mechanism of explosion that I, for one, think obtains. Hence, a number of groups (for instance, at Arizona, MPA, and ORNL) are developing more sophisticated multi-dimensional, multigroup neutrino transfer schemes and in the next few years we should be able to make a much more detailed assessment of this mechanism.
In this spirit, we [9] have developed the code "VULCAN/2D" and are testing it in full Boltzmann and MGFLD modes. Figure 1 provides a snapshot in a 2D MGFLD run of the electron neutrino flux vector field at 7.8 MeV, superposed on an entropy color map. VUL-CAN/2D is an ALE code with remapping that implicitly solves the 6-dimensional problem (1(time) + 2(space) + 2(angles) + 1(energy-group)) using the S n method to tile angular space. It is parallelized using MPI, is flux-conserving, and smoothly matches to the diffusion regime, but does not include the Doppler and aberration velocity terms. The former is important, particularly around bounce and will be included explicitly in operator-split fashion in a later version. However, the achievement of the current VULCAN/2D is a milestone, being the first such time-dependent code available in core-collapse studies with truly "2D", as opposed to ray-by-ray or only spherical, capability. Ray-by-ray codes, such as used by BHF, Rampp & Janka [10] , and Buras et al. [11] , can exaggerate the variation in the neutrino energy density and flux with angle by as much as 20%-50%, with the concommitent artificial variation in the heating rates with angle. However, it is not yet known how, in the integral sense of global heat deposition, this difference might effect the mechanism itself.
Whether rotation is central to the mechanism of core-collapse supernovae is not known. As the work of BHF, Herant et al. [7] , and Janka and Müller [8] suggest, it may not be. However, as TQB, Ott et al. [4] , and Fryer & Heger [12] demonstrate, rotation (naturally amplified during collapse and compaction) introduces interesting new phenomena. In addition to decreasing the effective gravity against which the explosion must emerge, enlarging the gain region, and generating funnels along the poles through which an explosion can more easily pierce [13] , stars do in fact rotate. Unfortunately, how much the Chandrasekhar core rotates just before collapse is currently a mystery. An example of such post-bounce funnel structures is given in Fig. 2. (I refer the reader to the bi-polar structure that HST has revealed in SN1987A.) Therefore, the consequences of the fact of rotation, and the possible synergistic effects with magnetic fields [3, 14] , deserve further scrutiny in the context of the neutrino-driven paradigm of core-collapse supernova explosions. 
